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Abstract
One of the aims of braneworld cosmology is to identify a ‘smoking gun’ for the
existence of large extra dimensions by means of observations of the early uni-
verse. Braneworld cosmology has succeeded in reproducing the conventional
cosmology at late times in a higher-dimensional context, but finding a unique
observational signature has proved elusive. Here we demonstrate that the re-
cently proposed colliding bubble universe predicts an exactly scale-invariant
spectrum of scalar cosmological perturbations, with no liberty for the spec-
trum tilting and bending allowed in conventional slow-roll inflation. This
enhanced predictiveness of the colliding bubble braneworld scenario results
from the absence of arbitrary or unknown scalar field potentials. The dynam-
ics of the expanding bubble wall branes are completely fixed by symmetry
considerations.
I. INTRODUCTION
One of us (MB) recently proposed [1] that the collision of two bubbles of a true anti-de
Sitter space vacuum expanding within either de Sitter or Minkowski space can give rise to a
braneworld universe consisting of a (3 + 1)-dimensional FLRW brane universe embedded in
(4+1)-dimensional anti-de Sitter space. A Z2 (or some larger) discrete symmetry unbroken
outside the bubbles but broken in the AdS phase inside requires that after the collision
a brane or domain wall form between the two bubbles when the choice of vacua of the
colliding bubbles differs. This is the (3+1)-dimensional brane universe on which we live.
The spacetime contained within the future lightcone of an observer situated on the (3 + 1)-
dimensional brane universe resulting after the brane collision is virtually identical to that
of Randall-Sundrum (RS) [2] cosmogony [3]. Consequently, gravity on the brane [4] and




RS scenario. In the present scenario, however, the causal past of the local brane, and in
particular how certain preferred initial conditions are established, is completely distinct.
The standard RS cosmology suffers from the bulk smoothness and horizon problems
[5]. Although inflation on the (3 + 1)-dimensional brane proposed in some braneworld
cosmologies can smooth out inhomogeneities on the brane, it remains a complete puzzle why
the (4+1)-dimensional bulk into which this brane expands should initially be homogeneous
and isotropic. If the bulk is not homogeneous and isotropic at the outset, inhomogeneities in
the bulk will induce inhomogeneities on the brane at late times. The usual Randall-Sundrum
scenario is also plagued with timelike boundaries at infinity and it is unclear what sort of
boundary conditions should be imposed on these [6]. In the colliding bubble scenario these
problems are avoided because a special initial state is singled out. In the de Sitter case,
the five-dimensional Bunch-Davies (BD) [7] vacuum is singled out because this state is an
attractor. For Minkowski space, there is a unique, well-defined vacuum to be used as an
initial state.
In ref. [1] the colliding bubble braneworld universe was presented and a heuristic discus-
sion of the physical mechanisms underlying the generation of cosmological density pertur-
bations was given. The colliding bubble braneworld universe heavily relies of the dynamics
of false vacuum decay, elucidated quite some time ago by a number of authors [8]. The idea
of a cosmology in which entropy and matter-radiation is generated from brane collisions was
proposed in the work of Dvali and Tye [9] on brane inflation and in the work of Khoury,
Ovrut, Steinhardt, and Turok [10] on the ekpyrotic scenario. Perkins [11] considered a
braneworld on an expanding bubble; however, unlike here, in his scenario bubble collisions
are cataclysmic events to be avoided. Gorsky and Selivanov [12] considered some similar
ideas involving a uniform external field and the Schwinger mechanism. More recently, Gen et
al. [13] have recently proposed a interesting variation on our the colliding bubble braneworld
scenario in which two bubbles, one nucleating inside the other collide.
In this Letter we present a quantitative calculation of cosmological density perturbations
generated in this model. Our strategy is as follows. First we consider the perturbations
generated in this model in the absence of gravity. That is, although we take gravity into
account at zeroth order, for the unperturbed solution, we ignore the back-reaction of gravity
on the linearized perturbations to the perfect colliding bubble solution. After the bubbles
have collided to form the local brane on which we live mediating between the two AdS
bubbles, we incorporate gravity by matching the gravity-free solutions onto solutions for
the adiabatic mode in Newtonian gauge. Finally we discuss possible correction to these
approximations.
II. BUBBLE WALL VACUUM FLUCTUATIONS AND JUNCTION
CONDITIONS AT THE COLLISION
We begin by discussing the perturbations on the expanding bubbles before collision. As
explained in the work of Garriga and Vilenkin [14], with the coupling to gravity ignored
there is but a single degree of freedom, that of translations of the bubble wall, completely
described to the linear order of interest here by a free scalar field that lives on the bubble
wall. The bubble wall, idealized here as infinitely thin, traces out a world volume trajectory
with the shape of a hyperboloid (i.e., the locus of all points at a certain proper geodesic
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